Abstract. The atmospheric boundary layer contribution to the total seeing at Dome C is presented in this paper. With a mean of 0.07 , this is one of the most stable boundary layer encountered. We discuss the temporal evolution of this part of the atmosphere and its relationship with meteorological parameters. In winter, the combine effects of the low wind speeds and low inversion layer translate to the creation of little thermal turbulence above 30 m.
Introduction
As described in , the boundary layer turbulence at Dome C contains very little turbulence. These measurements made in 2003 with a SO-DAR (Sound Detection And Ranging) were repeated in 2004. During those two seasons we combine a total of 9 months of observations spanning February to June 2003 and February to May 2004. We were able to measure both day and nighttime conditions. The SODAR worked in robotic mode as one of the instruments of the AASTINO (Automated Site Testing International Observatory, Storey et al. (2004) . In this paper we propose an interpretation for the temporal variations of turbulence observed with the SODAR. It is indeed critical to determine the evolution of the observing conditions and relate them to meteorologic parameters.
Long and short scale temporal variations
The behaviour of the boundary layer turbulence at Dome C is significantly different from the South Pole (Travouillon et al. 2003a ). Dome C is at a latitude of 75
• and unlike the South Pole is subject to diurnal variations. On a 24 hour time scale the change in the sun elevation at the South Pole is negligible and no noticeable change in the turbulence profiles was found on this time scale. At Dome C the sun elevation varies enough to affect the behaviour of the boundary layer turbulence. While daytime turbulence is of no interest to stellar astronomers it remains important to understand and quantify the level of turbulence present near the ground for days with partial nights. Similarly to temperate sites where the nighttime thermal cooling of the ground creates a significant amount of surface layer turbulence, Dome C is subject to thermal cycles until the sun has completely set in April. The SODAR results confirm this trend. Fig 1 shows the evolution of the boundary layer turbulence between February 9 and 18, 2003. The daily cycle is clearly visible and follows accurately the variations of the sun zenith angle. In the middle of the day and the sun is high the turbulence extends up to 200 m in height and becomes convective. When the sun elevation decreases, the surface heat flux also decreases and the boundary layer lowers accordingly. This behaviour is common to all sites apart from the Poles where no 24 hour cycle exists. When the sun elevation is low enough, the boundary layer drops below the SODAR range of 30 m. This characteristic is advantageous to astronomy as the contribution of this part of the atmosphere can be neglected for large observatories. Other SODAR measurements taken at Dome C by Mastrantonio et al. (1999) confirm our results. Using a mini-SODAR sensitive down to 10 m they were able to observe the turbulence layer drop between 20 and 30 m in January 1997. Above 30 m, no turbulence layer is systematically present and a majority of profiles fall below the detection threshold. Random turbulence patches still appear on the data but none remain visible long enough to be qualified of "layer". This general behaviour is representative of the winter period as it is shown in Fig 2. While the absence of turbulence layer between 30 and 890 m is advantageous to astronomy, it becomes difficult for the SODAR to give quantitative results. As the detection threshold is often reached, only an upper value of the seeing contribution from this part of the atmosphere can be calculated. In 2003 and 2004 daytime cycles disappeared completely by the middle of February. By then, the sun elevation never exceeded 27
• and consequently the surface heat flux was not enough to create convection in the boundary layer. While no data is available at sunrise, the data taken between November 19 and 30, 2003 shows the 24 hour convection cycles returning. By this date the sun elevation reaches 34
• and a boundary layer was visible in the middle of the day similar to the data obtained in February. The variation of the vertical distribution of the turbulence in the boundary layer of Dome C can also be witnessed in temperature profiles obtained in summer 2004 using the weather sondes (Aristidi et al. 2004) . In order to carefully measure the evolution of the temperature profile in a 24 hour cycle, a series of 12 balloons were launched at 2 hour intervals. Since turbulence requires a temperature gradient to form, the data would provide a confirmation of the SODAR data. Indeed, the temperature profiles shown in Fig 3 give a good representation of the surface layer behaviour. During the day the temperature at the ground is higher than the air straight above it and convection is produced. As the sun elevation decreases the ground temperature cools and an inversion settles in the first 30 m of the atmosphere. This inversion is characterised by a large temperature gradient yet the SODAR is unable to measure it because of the range limitation. Then the sun elevation rises and the inversion is shifted to a higher altitude as the ground temperature increases. When this happens turbulence becomes visible to the SO-DAR and remains so when the temperature inversion has fully disappeared and convection occurs.
At nighttime, the SODAR results suggest that the turbulence conditions in the boundary layer are similar to the one in the evening of the daytime period. Fig 3 shows that the inversion is fully developed between 8 and 10 pm and most closely resembles the wintertime conditions when the inversion is continuously present. It is therefore not surprising to find that the winter SODAR lacks a stable layer of turbulence similarly to the summer evening data. It must be stressed that while the turbulence between 30 and 900 m is very low we must still expect an active layer below this range where the temperature inversion is present. 
Boundary layer seeing
Similarly to the South Pole we can calculate the boundary layer contribution to the seeing using the SODAR data. As the turbulence intensity falls below the detection threshold of the SODAR for a majority of the data, the seeing must be taken as an upper value. Also we must differentiate the nighttime seeing since it is the only period of interest to astronomy. As it is the case at any site, in the daytime, the convection produces turbulence in the boundary layer that is not present at night. In order to make a proper comparison of the Dome C boundary layer with other sites we must therefore restrict our analysis to the nighttime. The The difference between the two sites boundary layer turbulence is striking. With a median seeing 40 times lower than the South Pole, Dome C low altitude atmosphere is extremely stable and its contribution to the overall seeing minimum. This fundamental difference between the two sites is solely due to their respective locations. As illustrated in Fig 4 , the temperature inversion which causes the katabatic wind on the Antarctic plateau increases in size as the slope of the ice increases. Dome C, located on a local maximum of the plateau, is therefore expected to have the smallest inversion layer in Antarctica with the exception of Dome A which is the highest point on the plateau. Above this inversion the temperature profile is very stable and little turbulence activity is measured by the SODAR. The issue of the inversion which cannot be sensed by the SODAR still needs to be resolved since it may contain a significant amount of turbulence and therefore affect astronomical projects of small structural size. 
Conclusion
Being normally the part of the atmosphere contributing the most to the seeing, the boundary layer at Dome C is surprisingly good. By the time the sun is fully set the contribution of the layer located between 30 and 890 m rarely exceeds 0.1 . We have shown however that additional contribution will be located in the first 30 m. It is therefore imperative to quantify this contribution in order to adapt the future astronomical facilities to minimise this contribution on the telescopes.
